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Changes in blood hemoglobin and blood
gases Pa0O, and PaCO, in severe COPD over
a three-year telemonitored program of
long-term oxygen treatment
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Abstract

Background: Information on the effects of long-term oxygen treatment (LTOT) on blood hemoglobin (Hb) in
severe COPD are limited. The aim was to assess blood Hb values in severe COPD, and investigate the time-course
of both Hb and blood gas changes during a 3-year telemetric LTOT.

Methods: A cohort of 132 severe COPD patients (94 males; 714 years + 88 sd), newly admitted to the tele-LTOT
program, was investigated. Subjects were divided according to their original blood Hb: group A: <13 g/dL; group B:
213 < 15 g/dL; group C: 2 5 < 16 g/dL; group D: 216 g/dL. Blood Hb (g/dL), PaO, and PaCO, (mmHg), Sa0, (%),
and BMI were measured at LTOT admission (to), and at least quarterly over three years (t;-ts). Wilcoxon test was
used to compare tg vs. ty values; linear regression to assess a possible Hb-BMI relationship; ANOVA to compare
changes in Hb time-courses over the 3 years.

Results: LTOT induced a systematic increase of PaO,, and changes were significant since the first year (from

52.1 mmHg £6.65d to 65.1 mmHg+8.7 sd, p < 0.001). Changes in SaO, were quite similar. Comparable and equally
significant trends were seen in all subgroups (p < 0.001). PaCO, dropped within the first year of LTOT (from

494 mmHg +9.1sd to 459 mmHg +7.5 sd, p < 0.001): the to-t; comparison proved significant (p < 0.01) only in
subgroups with the highest basal Hb, who showed a further PaCO, decline over the remaining two years

(p < 0.001). Hb tended to normalization during LTOT only in subgroups with basal Hb > 15 g/dl (ANOVA p < 0.001);
anemic subjects (Hb < 13 g/dl) ameliorated not significantly in the same period (ANOVA =0.5). Survival was
independent of the original blood Hb. Anemia and polyglobulia are differently prevalent in COPD, the latter being
the most represented in our cohort. LTOT affected both conditions, but to a different extent and according to
different time-courses. The most striking Hb improvement was in polyglobulic patients in whom also PaO,, PaCO,
and Sa0, dramatically improved. In anemic subjects effects were smaller and slower, oxygenation being equally
ameliorated by LTOT.

Conclusions: LTOT effects on Hb and PaCO, are regulated by an Hb-dependent gradient which seems
independent of the original impairment of blood gases and of effects on oxygenation.
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Background

Chronic obstructive pulmonary disease (COPD) is cur-
rently defined as characterised by airflow limitation
which is not fully reversible and able to produce sys-
temic consequences (Global Initiative for Chronic Ob-
structive Lung Disease [1]).

Besides its effect on lung function, the chronic impair-
ment of the respiratory system due to COPD has long-
term multi-organ consequences on the bone and liver
metabolism, heart and cardiovascular system, brain, kid-
ney, and skeletal muscles.

Many chronic diseases have been shown to affect
hematopoiesis, and also COPD may be associated to this
kind of disorder which represents further aspects of the
multiple involvement of the disease.

Even though COPD had in the past been commonly
regarded as a determinant of polyglobulia rather than of
anemia [2], it is currently thought that the latter condi-
tion occurs more frequently than expected (in 10-15% of
severe COPD patients) [3], and it is presumed to be
associated with ongoing inflammation, altered erythro-
poietin function, and poor marrow production [4].

There is still limited information concerning the distri-
bution of blood hemoglobin (Hb) concentrations in the
COPD population [3,5,6], although both the direct con-
tribution of anemia in causing breathlessness and the
tendency to a secondary polyglobulia have long been
accepted in severe COPD [2]. On the other hand, limited
information is available concerning the effects of long-
term domiciliary oxygen treatment on Hb and concomi-
tantly on blood gases in these circumstances [7].

The present study aimed to assess the distribution of
blood Hb values in a population of severe COPD
patients with chronic respiratory failure, and to investi-
gate the time course of both Hb and blood gas changes
during a 3-year program of telmonitored long-term oxy-
gen therapy (LTOT).

Methods

A cohort of 132 consecutive non-smoker (87.1% former
smoker), severe COPD patients was studied (94 males;
mean age 71.4 years + 8.8 sd). All patients had been ad-
mitted as first-time candidates to the domiciliary LTOT
program over the last three years (2008-2010) and were
selected from the dedicated institutional database (ISO
9001-2000 certified since 1999) [8]. In order to avoid
possible bias in the study, both the selection procedures
and the subsequent creation and management of the
data bank were outsourced to IT professionals employed
by a third party, i.e. not working in the Lung Depart-
ment. All COPD patients had a requirement of LTOT
according to our regional guideline; they were managed
according to daily telemonitoring of vital signs (such as
heart rate, SAP, DAP, oxygen saturation (Sa0O,), oxygen
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consumption) and compliance to oxygen therapy, by a
program which has been operating in our Lung Depart-
ment for a a number of years (Contel System, Air
Liquide — VitalAire SA, Paris, France) [9]. From the
point of view of their basic pharmacological respiratory
treatment (directly delivered by the Lung Department
on a regular basis), 96.2% of patients (127/132) were
daily assuming long-acting [B,-adrenergics (LABA) and
long-acting anti-cholinergics (LAMA), and 91.7% (121/
132) were also assuming inhaled corticosteroids (ICS).
All patients were also using diuretics (furosemide) and
were equally supplemented with vitamins and other nu-
tritional supports (essential amino acids) [10]. Their ad-
herence to both oxygen (an average consumption of
2.3 L/min liquid oxygen + 0.8 sd, for at least 17 hours/
day; range 0.5-3.0 L/min) and pharmacological treat-
ments was assessed monthly by professional caregivers,
and defined as very good (>75% of the prescribed doses
in all subjects). The mean% patients’ survival at three
years and the mean prevalence/patient of comorbidities
(e.g. due to cardiovascular, metabolic, renal, gastrointes-
tinal and neurological causes) were also measured.

Blood Hb (g/dL), PaO, and PaCO, (mm Hg), SaO,
(%), and BMI were measured in each patient at admis-
sion to the telmonitored LTOT program (ty), and at least
three times/year over the following three years (t;-t3).
Each variable was expressed yearly as mean + sd of all
measurements performed in the period.

The whole cohort was then divided into four subgroups,
according to the subjects’ original blood Hb: group A: <
13 g/dL; group B: = 13 < 15 g/dL; group C: = 15 < 16 g/dL;
group D: > 16 g/dL.

For statistical analysis the Wilcoxon test was used to
compare to vs. t; values of all variables, linear regres-
sion was used to compare Hb and BMI values, and
ANOVA to compare changes in Hb time courses of the
entire sample and of each subgroup over the 3-year
period; p <0.05 was assumed as the minimum level of
significance.

Results

Basal lung function, blood gases, and Hb measured in
the whole population are reported in Table 1, while the
distribution of patients within the four subgroups to-
gether with their corresponding mean blood Hb values
are reported in Table 2. Mean basal Hb level was lower
in females by 0.8 g/dL, and this difference was main-
tained during the entire survey (p = ns). In the entire co-
hort, 18.2% of patients (24/132; 15 males) had a mean
BMI < 23 kg/m? while clearly pathological Hb levels
were found in only 37.1% of patients (49/132), anemic
subjects being less numerous than polyglobulic subjects
(11.3% vs. 25.8%, respectively). No significant gender dif-
ferences were found.
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Table 1 Mean basal values + sd for lung function, blood
gases, Hb and BMI (n=132) in the study group

Whole sample Males Females
(n=132) (n=94) (n=38)

FEV,% pred. 353+11.8 366+ 164 357+141
FVC% pred. 60.2+10.7 592+135 625+193
FEV1/FVC% 583+8.1 61.8+79 57.1+86
pH 741+0.05 740+ 0.05 741+0.04
PaO, mm Hg 521+£66 522+65 518+7.1
PaCO, mm Hg 494 +£09.1 489+89 505+95
HCO3 mmol/L 305+45 300+39 314+55
Sa0,% 86357 86.5+5.7 85.8+6.0
Hb g/dL 151+19 154420 145+18
BMI 274+68 278+69 265+68

BMI, body mass index; FEV;, forced expiratory volume in 1 second; FVC, forced
vital capacity; Hb, Hemoglobin; PaCO,, partial pressure of arterial carbon
dioxide; PaO,, partial pressure of arterial oxygen; SaO,, oxyhemoglobin
saturation.

Trends for PaO,, PaCO,, SaO,, BMI and Hb measured
over the 3-year period in the whole cohort and in the four
subgroups with different basal Hb levels are reported in
Figures 1, 2, 3, 4, 5.

LTOT induced a systematic increase of arterial PaO,
in all patients, and changes proved highly significant
already within the first year of LTOT (from 52.1 mm
Hg+6.6 sd to 65.1 mm Hg+8.7 sd, p<0.001); then
PaO, values remained unchanged over the remaining
two years. The corresponding trends in each subgroup
were comparable to that of the whole cohort, and the
comparison between t, and t; mean values was equally
statistically significant in all subgroups (p < 0.001)
(Figure 1). A quite similar time course was observed for
SaO, (Figure 2).

Also the great proportion of changes of arterial PaCO,
measured in the entire cohort of patients occurred
within their first year of LTOT (from 494 mm
Hg+9.1 sd to 459 mm Hg+7.5 sd, p<0.001). In this
case, the corresponding PaCO, trends in each subgroup
were very similar to that of the entire cohort, but the
comparison between t; and t; mean values proved statis-
tically significant only in group C and D, such as in
those with the highest original Hb values (from 49.8 mm

Table 2 Distribution of subjects in the four subgroups
according to their basal hemoglobin (Hb) values, and
corresponding mean Hb values + sd

Subgroups n (%) Hb (mean + sd)
A (< 13 g/db) 15/132 (11.3%) 11.7 g/dL£09
B (=13 <15 g/dl) 42/132 (31.8%) 14.1 g/dL£0.5
C (215 <16 g/dL) 41/132 (31.1%) 154 g/dL+03
D (=16 g/dL) 34/132 (25.8%) 175g/dL£13
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Hg+10.5 sd to 45.3 mm Hg+ 6.2 sd; p <0.05, and from
499179 sd to 45.2 mmHg+6.9 sd; p<0.01, respect-
ively). Moreover, subgroup D (i.e. subjects with basal
Hb>16 g/dL) showed the highest drop in arterial
PaCO, at t;, and also showed a further progressive
PaCO, decline towards normal values over the
remaining two years of LTOT (p < 0.001) (Figure 3).

BMI proved significantly related to Hb values in basal
condition (p < 0.03; r=0.23). The general trends of BMI
for the whole population and the four different sub-
groups persisted without any significant change over the
total 3-year control period (Figure 4).

All changes measured in Hb values are summarized in
Figure 5. Differently from the time course (absolutely
flat) registered in the whole cohort, peculiar trends were
measured in the four subgroups. In particular, Hb values
tended to drop (ie. to normalize) since the first year
of LTOT in those subgroups originally characterized
by the highest mean Hb values (i.e. > 15 g/dL) (ANOVA
p<0.001). On the other hand, the anemic subgroup
(Hb < 13 g/dL) showed a progressive but not significant
(ANOVA =0.5) increase of Hb mean values over the 3-
year period; the highest change occurred within the first
year also in these subjects even though the variation
never reached statistical significance (p < 0.08).

Finally, the overall survival was 73.4% at three years:
73.3% in group A; 71.4% in group B; 73.2% in group C,
and 76.5% in group D (p = ns), while the overall preva-
lence of comorbidities was 2.0/patient in the cohort: 2.2/
p in group A; 1.9/p in group B; 2.0/p in group C, and
2.1/p in group D, respectively.

Discussion

Lung function and blood hemoglobin have been investi-
gated extensively in COPD, and continuous long-term
oxygen treatment (>15 hours/day) is generally regarded
as of significant benefit in hypoxemic patients suffering
from COPD [11].

Nevertheless, the true mechanisms underlying the
improved clinical outcomes (e.g. hospitalization rate,
QoL, or survival) during LTOT still have to be clarified,
although it is well known since long ago that long-term
oxygen decreases hematocrit values, pulmonary vascular
resistances, and improves brain performance [12,13].

Anemia and polyglobulia are conditions differently
represented in COPD, the latter being the most preva-
lent in our cohort. Several mechanisms have been sug-
gested to explain the former condition, such as the
shortening of red blood cell lifespan and sequestration
of iron in macrophages, which can lead to the so-called
“anemia of chronic disease” (ACD) [14,15]. ACD repre-
sents a further aspect of the multiple involvement of
COPD and is presently regarded as an immune driven
abnormality that occurs in many inflammatory diseases
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Figure 1 Time course of PaO, values in the whole cohort and in each subgroup: t test between t, and t;. Hb, hemoglobin; PaO,, partial
pressure of arterial oxygen.

[3]. It is a condition which is associated with increased
morbidity and mortality in chronic renal failure [16,17],
congestive heart failure [18-20], HIV and hepatitis C in-
fection [21-23], digestive disease [3,24], and cancer [25].
Furthermore, anemia is also associated with disability,
impaired physical performance, lower muscle strength in
individuals over 65 yrs of age [6], and reduced health-
related quality of life (HRQL). Recent reports suggest
that anemia is highly prevalent in patients with COPD
and associated with increased mortality [6,26].

Polyglobulia had been traditionally accepted as a sec-
ondary event due to chronic hypoxemia occurring in a
great proportion of COPD patients [2,27]; nevertheless,
it has been supposed that the normal values found in
the majority of COPD patients are the result of a balance
between the trend towards a decreased red cell mass
and an opposite trend towards an increased red cell
mass due to the erythropoietic effect of erythropoietin in
these subjects [28].

Concerning the prevalence of these two conditions,
the anemic condition was found in 11.3% while polyglo-
bulia was found in 25.8% of patients of the present
study, and these findings are in good agreement with the
current literature [3,26,29,30].

LTOT proved to affect both conditions in our cohort,
but to at different extent and according to different time
courses. In particular, the most striking changes in Hb
values were obtained in polyglobulic patients in whom
>90% of the effect (i.e. a decrease) was seen within the
first year of LTOT. In these patients, also PaO,, PaCO,
and SaO, dramatically improved in the same period;
only PaCO, showed a further, progressive decrease com-
pared to the original Hb values over the remaining two
years of the survey.

On the contrary, the effect of LTOT on anemic sub-
jects was smaller and much slower. Actually, these
patients were originally characterized by a lower BMI
(25.5 vs. 28.3 and 29.8 kg/m” of patients with Hb values
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>15 g/dL), and required a longer period (a further
couple of years) for an improvement to be seen in both
their Hb and BMI, thus emphasizing the crucial role of
metabolic and nutritional aspects. On the other hand,
the prognostic value of an improved nutritional status
has been demonstrated in severe COPD to be mainly
related to the increase in BMI and other related indices
[31]: BMI values proved directly related to Hb values in
our population during LTOT, particularly in the anemic
subgroup during the third year of the survey (Figures 4
and 5), thus emphasizing the possible role of LTOT in
ameliorating the nutritional status (Hb included) of
anemic subjects.

Moreover, even though oxygenation resulted equally
improved by LTOT in polyglobulic and anaemic
patients, the latter subset of subjects obtained a smaller
and delayed benefit from LTOT in terms of PaCO,
amelioration, likely due to their original lower Hb con-
tent in blood. In other words, the present data suggest
the presence of an Hb-dependent gradient in the LTOT
effect on Hb, which appears to be independent of the ex-
tent of the original impairment of blood gases.

These data tend to confirm those from a previous
study carried out on 13 non selected subjects in whom
no benefits were obtained in terms of changes in Hb and

hematocrit in COPD patients admitted to LTOT for two
years, even though their QoL and both anxiety and de-
pression scores improved significantly [32].

The present data are not in agreement with the
evidence of poorer outcomes and survival at three years
in COPD patients with anemia (hematocrit <35%) when
compared to those with polyglobulia (24% vs. 70%,
respectively) [26]. In particular, in our cohort of 132
severe COPD patients on LTOT, mortality and the
prevalence of comorbidities resulted equally distributed
in polyglobulic and anemic subjects at the end of the 3-year
survey (26.7% vs. 23.5%, and 2.2/patient vs. 2.1/patient,
respectively).

Conclusions

Differently from earlier studies [32], the data of our sur-
vey emphasize the good results of a strict domiciliary
telmonitored protocol for LTOT: Hb values tended to
improve substantially in parallel to blood gases already
from the first year of LTOT in the great majority of se-
vere COPD subjects. Actually, better results were mostly
achieved in polyglobulic subjects who, on the other
hand, represented the most frequent picture of severe
COPD in our cohort. As suggested in previous studies
[26;29], these patients proved more sensitive to the
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Figure 5 Time course of Hb values in the whole cohort and in each subgroup: t test between t, and t;, and anova over time. Hb,

effects of long-term oxygen than anemic patients who
required a longer period of LTOT to obtain smaller
results. While it is plausible that in severe COPD the
anemic condition may represent an independent factor
that can affect the extent and time course of long-term
metabolic outcomes during LTOT, it is however con-
firmed that LTOT plays a crucial role in optimizing
blood gases independently of Hb.

Competing interests
The authors declare that they have no competing interests.

Author details

1Department of Respiratory Diseases, ULSS22 Veneto Region, Orlandi
Hospital, Via Ospedale 2, 37012, Bussolengo, VR, Italy. “National Centre of
Studies of Pharmacoeconomics and Respiratory pharmacoepidemiology
(CESFAR), Via Gabriele Rossetti 4, Bussolengo, Verona, ltaly.

Received: 15 June 2012 Accepted: 19 June 2012
Published: 17 July 2012

References

1. : Global Strategy for the Diagnosis, Management, and Prevention of Chronic
Obstructive Pulmonary Disease. Updated 2009. [http://www.goldcopd.com].

2. Stradling JR, Lane DJ: Development of secondary polycythaemia in
chronic airways obstruction. Thorax 1981, 36:321-325.

3. Similowski T, Agusti A, MacNee W, Schénhofer B: The potential impact of
anaemia of chronic disease in COPD. Eur Respir J 2006, 27:390-396.

4. Bateman AP, McArdle F, Walsh TS: Time course of anemia during six months
follow up following intensive care discharge and factors associated with
impaired recovery of erythropoiesis. Crit Care Med 2009, 37:1906-1912.

5. Mansen TJ, McCance KL, Parker-Cohen PD: Alterations of erythrocyte
function. In Pathophysiology: The Biologic Basis for Disease in Adults and
Children. 2nd edition. Edited by McCance KL, Huether SE. St. Louis: Mosby-
Year Book; 1994:860-877.

6. John M, Lange A, Hoernig S, Witt C, Anker SD: Prevalence of anemia in
chronic obstructive pulmonary disease: comparison to other chronic
diseases. Int J Cardiol 2006, 111:365-370.

7. OReilly P, Bailey W: Long-term continuous oxygen treatment in chronic
obstructive pulmonary disease: proper use, benefits and unresolved
issues. Curr Opin Pulm Med 2007, 13:120-124.

8. Dal Negro RW: Long term oxygen tele-home monitoring, the Italian
perspective. Chest Companion Book. 2000:247-249.

9. Dal Negro RW, Turco P: Telemedicine and LTOT in Italy: a 20 year
experience. In Home Long-Term Oxygen treatment in ltaly. The additional

12.
13.

22.

23.

24.

25.

value of telemedicine. Edited by Dal Negro RW, Goldberg Al. Heidelberg:
Springer Verlag; 2005:69-83.

Dal Negro RW, Aquilani R, Bertacco S, Boschi F, Micheletto C, Tognella S:
Comprehensive effects of supplemented essential amino acids in patients
with severe COPD and sarcopenia. Monaldi Arch Chest Dis 2010, 73:25-33.
Gex G, Janssens JP: Long-term oxygen therapy. Rev Med Suisse 2007, 3
(2646):2648-2650. 2652-2654.

Anthonisen NR: Long-term oxygen therapy. Ann Intern Med 1983, 99:519-527.
Penninx BW, Pahor M, Cesari M, Corsi AM, Woodman RC, Bandinelli S,
Guralnik JM, Ferrucci L: Anemia is associated with disability and
decreased physical performance and muscle strength in the elderly.

J Am Geriatr Soc 2004, 52:719-724.

Weiss G, Goodnough LT: Anemia of chronic disease. N £ngl J Med 2005,
352:1011-1023.

Agusti AG, Noguera A, Sauleda J, Sala E, Pons J, Busquets X: Systemic effects
of chronic obstructive pulmonary disease. Eur Respir J 2003, 21:347-360.
National Kidney Foundation: NKF-K/DOQI Clinical Practice Guidelines for
Anemia of Chronic Kidney Disease: update 2000. Am J Kidney Dis 2001,
37(Suppl. 1):5182-5238.

Silberberg JS, Rahal DP, Patton DR, Sniderman AD: Role of anemia in the
pathogenesis of left ventricular hypertrophy in end-stage renal disease.
Am J Cardiol 1989, 64:222-224.

Horwich TB, Fonarow GC, Hamilton MA, MacLellan WR, Borenstein J:
Anemia is associated with worse symptoms, greater impairment in
functional capacity and a significant increase in mortality in patients
with advanced heart failure. J Am Coll Cardiol 2002, 39:1780-1786.
McMurray JJ: What are the clinical consequences of anemia in patients
with chronic heart failure? J Card Fail 2004, 10(1 Suppl):S10-S12.

Sharma R, Francis DP, Pitt B, Poole-Wilson PA, Coats AJ, Anker SD:
Haemoglobin predicts survival in patients with chronic heart failure: a
substudy of the ELITE Il trial. Eur Heart J 2004, 25:1021-1028.

Belperio PS, Rhew DC: Prevalence and outcomes of anemia in individuals
with human immunodeficiency virus: a systematic review of the
literature. Am J Med 2004, 116(Suppl 7A):275-43S.

Volberding P: The impact of anemia on quality of life in human
immunodeficiency virus-infected patients. J Infect Dis 2002,
185(Suppl. 2):5110-5114.

Pockros PJ, Shiffman ML, Schiff ER, Sulkowski MS, Younossi Z, Dieterich DT, Wright
TL, Mody SH, Tang KL, Goon BL, Bowers PJ, Leitz G, Afdhal NH, PROACTIVE Study
Group: Epoetin alfa improves quality of life in anemic HCV-infected patients
receiving combination therapy. Hepatology 2004, 40:1450-1458.

Kroeker EJ, Leon AS: The association of diffuse obstructive pulmonary
emphysema and chronic gastroduodenal ulceration. Dis Chest 1962,
42:413-421.

Caro JJ, Salas M, Ward A, Goss G: Anemia as an independent prognostic
factor for survival in patients with cancer: a systemic, quantitative
review. Cancer 2001, 91:2214-2221.


http://www.goldcopd.com

Dal Negro et al. Multidisciplinary Respiratory Medicine 2012, 7:15
http://www.mrmjournal.com/content/7/1/15

26.  Chambellan A, Chailleux E, Similowski T, ANTADIR Observatory Group:
Prognostic value of hematocrit in patients with severe COPD receiving
long-term oxygen therapy. Chest 2005, 128:1201-1208.

27. DefFilippis AP, Law K, Curtin S, Eckman JR: Blood is thicker than water: the
management of hyperviscosity in adults with cyanotic heart disease.
Cardiol Rev 2007, 15:31-34.

28.  Graudal N, Gallge AM, Nielsen OJ: Erythropoietin in chronic obstructive
pulmonary disease. Relationship between serum erythropoietin, blood
haemoglobin and lung function-effect of the calcium antagonist
isradipine on serum erythropoietin. Respiration 1991, 58:141-144.

29. Cote C, Zilberberg MD, Mody SH, Dordelly LJ, Celli B: Haemoglobin level
and its clinical impact in a cohorty of patients with COPD. Eur Respir J
2007, 29:923-929.

30. Tassiopoulos S, Kontos A, Konstantopoulos K, Hadzistavrou C, Vaiopoulos G,

Aessopos A, Tassiopoulos T: Erythropoietic response to hypoxaemia in
diffuse idiopathic pulmonary fibrosis, as opposed to chronic obstructive
pulmonary disease. Respir Med 2001, 95:471-475.

31. Landbo C, Prescott E, Lange P, Vestbo J, Aimdal TP: Prognostic value of
nutritional status in chronic obstructive pulmonary disease. Am J Respir
Crit Care Med 1999, 160:1856-1861.

32. Deng X, Cai Y, Fang Z: The effects of long-term domiciliary oxygen
therapy on patients of chronic obstructive pulmonary disease with
hypoxaemia. Zhonghua Jie He He Hu Xi Za Zhi 2001, 24:655-659.

doi:10.1186/2049-6958-7-15

Cite this article as: Dal Negro et al: Changes in blood hemoglobin and
blood gases PaO, and PaCO, in severe COPD over a three-year
telemonitored program of long-term oxygen treatment. Multidisciplinary
Respiratory Medicine 2012 7:15.

Page 7 of 7

Submit your next manuscript to BioMed Central
and take full advantage of:

¢ Convenient online submission

¢ Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

* Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	link_Tab1
	link_Tab2
	link_Fig1
	link_Fig2
	Conclusions
	link_Fig3
	link_Fig4
	Competing interests
	Author details
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10
	link_CR11
	link_CR12
	link_CR13
	link_CR14
	link_CR15
	link_CR16
	link_CR17
	link_CR18
	link_CR19
	link_CR20
	link_CR21
	link_CR22
	link_CR23
	link_CR24
	link_CR25
	link_Fig5
	link_CR26
	link_CR27
	link_CR28
	link_CR29
	link_CR30
	link_CR31
	link_CR32

